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Irldex at^ceepta^^ ; 5^ V /? ; : > "t ;.C-.:V'; \ : : ^ ||T1 

TVe, Thb BbiTOSh THdM^o^Hop^Tok-. : te|^^iicix is at . least :J£ ani;< aot- more 
Company. LrMTiinj, : a. -BritisE* Com.pa^g;.,= "fihetrL 10 :could be -.prepared, f or ^example 
having its reffiB^fed- <)ffi^e : ' r ai- :Gro%n. .'by,£ea^ 

HQiiseT- Aldwych;: IWonV-^^^ m 
"5- Hereby declare = 
turn and in what mannertthe same'is -to* - • ^.ateritban X(>, at an. elevated, tempera-. .... i l 

be p^formed^ to : be'-^ HI 
scribed ajid ascertained inland by .^e r fot . /"atmospliere. < Such /.cyclic "sUicon ^ com- ^ 
lowing, statement V-^ ~-~ - ^ :: c ":>' - pounds .are 1 -.morer -fully; . described. * in 4o ; w 
in This invention rel£tes r - to*-. : fle^ "aila^^ British. Spdcu^^ ' ?0 

useful : obemicai. : e6mpd 1 "XJ 

particularly" is-^*^ - i -< 

pounds known "as .polysUoxani^ to ~-tn#\ -general formula 

fically the "invjBntibh ; vrelates- to ;new '■: (O&tJiHO^ 
is cyclopaLysiloxanes" Gorrespondinjg-^ to^tbe 6/ydiffer -ppmy tbosev disclosed in- t*e 
general fdrmula: (RSfllO)^ 

represents a lower; alkyl *i?aa?6at} (e:g.V - stead Jbf : two ^ rnetbyl/. -grpups. tfeinff satk 
methyl, etbyl, 1 : prolyl: ks . 
bnlyl/isobutyl/^.rbuiylJi :a^d.^ : repre--- .tb^re ar> :vatteched; thereto" one metnyj 6p 
on sentfc* 5 or 6, ^nd to metbods df prepUr: \gr^^ahd pn^^ . 1 . • • . / 

20 iig -sucb^' cyolopol^il^ner. ? Gycjo^v ^ercy^ - 
polysiloxanes 1,* corresponding '-. .to,' -frr^tipn y.aluable ,>as-^interv- 
example; tbe general. 3ofin^la,.(R^ fl(V 
whereR represents £ iowerai^riadicaa r ganb^ilicqn ^ompounds * f or instance. W 

or also may be represented: by .ji^fo^^ "1*? £P d 2S r . 

*o .. 2. >^:--.t:~^ closed, in v copending: "application '.NO; . 

* • " r ■*"-;*■ a \ t ^ : . \z:^:-''£: r ^-cycHo^"compoundSi^- specifi0kEy.- tbe sym- 

• " . ; :°' : \ ': ^i ^y^' - 
- . .;Rv ;| ■ ."; :'^jr- .y^ paaHiculaTly 

. ■•".*..... \ <>sl * • ; £c\- rr lT: ; ./v;:""- bi&*;of'^imprW ' ~. 

* - :- - 

."" . - >sC.-...- c -.7 : Cr- >>:>■/: ^^byTc'ausine^'^ ^rrespond^v. 

Tn ^ sim^ai:'nian : ii:^^^^^^ a^X»6reaeSla^ 
vrt /Mwm tnaV'ia^^ :oxanea-.T- corr^ona^ . 

gen atoms, in ; j a nn^ c . ^clpjpoly^ : 

■ ^Tt ^as-Jmowji prior to tb^ "^en^on -r^a^speTg ^y^tillatibn, bom tbe --- 
35 tbaf tvT^ ^mSound^ I ia^ - re^in^ reacton ma^^ 



J 



niay be produced, Jor- example, /by the. 
interaction* of & lower alkyl maghesinni - 
_hajide_, e.g., etlxyl magnesium chloride, 
• or - - * propyl • 'inagiiesiiim bromide 
6 with triGhlorosilane, HSiCl 3 , or tri- 
brbmosilane, HSiBr,. .Tn, .these ,:reac- 
: tions approximately one mole of the 
•-appropriate Grignard reagent dissolved 
in ether is used for each mole of the tri- 
10 halogenosilane, .and the [©rignaS-d si>lu-; 
tion is added slowly to the trihalogeno- 
-..silane. Examples of halogenosilanes - 
.- that muy be prepared in this'^ way are the 
. methyl,, ethyl, propyl/iaopropylj.n-bntyi^ 
Jg isobutyl, and \ssc^butyl, dichloro and di- 
bWm^;sdfanesq(^ BSiHBjfc^.; 
; . Although jahi oil oirabout :20tt2^ centi- 
stokes; viscosity risuadl^xesults when, for. 
instance/ clime^yldicnlorosilahe' Ls-hy^ro- 
20 - lyzed by adding- it directly fek water,dx to 
a.mixtia:e..oi ice and: water; a^spmewhat 
different result is obtained with /methyl- 
dichlorogilane,. CH,SixICl 3 . The -product 
y. first formed is a * highly; TiscouB oil which 
26 is-iraiisfdrjriad in "a few minutes into an. 
apaiesneiLt,"flticty ^..rubbery, gel.; 
..■.Snrpfisingly .it was found „ that halo.- 
genosilanes corresponding to, the ..general: 
: formula. ZRSiHXj .-where H and'.X have 
30 the meaning; given in the preceding, para- 
graph;: . -particularly * .. n^ethyldichlordsil- - 
. ane, cani.be. so^hyjd^lyzed (e.g:, at a fenx- 
peratuxeJ of mings XQ*: tsx plus 15* C.) as - 
~" td .obsdate jthe .xelativ ely: rapid formation 
35 of a polymer- (rubbery ^el)?'Qf :high mofa- . 
. cuiarr.-weiglit and . .£& .yield r cyclop ojysil-". 
oxahes of: the land -set forth in tbe; first 
paragraph .: of this - specification, which: 
. h cyclopolysilaxariea' can be separated from 
40 tk£>eacd£nn mas 8 :ih theforinjofrsnbstan- . 
. tiall^pTLTe compounds: Try fractional dis- 
tiliutSu 4ecTini^ ^is joj.-.*' 

tainedsby adinixing .the:."; haiogenosilSne; 
aiid*_f£^coId mixtiire "of ! water" J^r ice) and: 
40 air jor^anic^dilnent ".which: is insoluble :Qr. 
sttbsiarndfi'ally insolnbler7inr:.'watet; more- 
paxticalarly :feyr eltfwly ajidin^:-feheLhaldi . 
.genosilane^ e.g., methyldichloro^il-an.e7 to; 
• ~saidmixtur<^f wa^ a^ni -organic 



ou dx^e^^:whne^Tra^ the* - 

mixjarra:^: ^ExamplesT-of ihexteorganic :di=. ' 
li^enfirSliai majrbexniployed in "this: Way t 
. ^ ^are- 3ie^S^" : *^tb:er;> Jiprjopyl : lether^ heri-- 
S zene,r BndtTlo^bpilingVi^troleiun- jfracv - * 

55 tio^rldlmsl£ad"of wxcter ialone_, "we- niay z 
usS^Ii^lidl^waf exrituxtures, -fojr'iinstaaxcff " 
mxxtttce^ -oi /fwoter / andy - 'for - example, 
• mrethanol^. eJhanof - prppanot, ~ fcufonoJ ; . - 
.'imiked-^nanyi: .: alcohols; :7t-h^yi; aicohof.-j 

60 The; dnnrarri>r^knici "diluent " of rmixture ~ : - 
ttoa^o^^thr^aK.^cdhb^ to- in-* 

crearo^thB'TprQportion-.-jDf v cyplopolysllpxw f 
anes-thxct areCf orinfid; and^suppr esses their": 
Polymerization by rediicing the . ooncen« - 
tration.o.i;;halogen-ucicl in th& reaction - 



. mass. . . . - - ' /:• ■■. 

- It was not known prior to the inven«* : 
. tion and in no way could have been pre-*.* 
. dieted that a lower alkyl dichloro or di r . 

bromo silane- could be caused to. yield 70 
cyclopolysiloxanes of. the kind with-'/, 
which this invention is\conceraed upon . : . 
reaction wili. a hydrolysLs^onedium cpin-^ 
prising ^water. The nnobvioT^natur^of 

- the- cUscoyery will better be appreciated -7& 
when it is considered that some prior in- 

- -yestightors Kave- considered that the 
liquid products obtained -'..by the.'hydro- 
. lysis of . _ a -dimethylcHhalogenosilane, 
specifically dimethyldichlorosilane, ^on- 80 
sist primnriiy: ufi longz :.chain^jhblecules 
and a .small .amount*.- of n^XiycHc'^iirimer: 
T(GH.) a SiO]i,i_ (Hydfi. : ;rland -::: : I)eL6ng;. 
Journal . of ,the. j American i- JCheihfear 
SQcieiy-,. l?S, ll&fe^6); ^Jt also-jis: poihted 85 
out in: "the af orementmned-^pecificaxioH' 
No. -5.86,188."- that !" the cyclic :^trimer," 
[((^a)3SiOJ aj .:isr r one !of.. the. constituents - 
of the product of hyd^ysisuaf /dimethyls 
cuchlorosilane with.a. qn^titgejof J water 90 
snbstanti-ally in excess jof Jthat calculated 
aa-neces3&ry for /iiampletel hydrolysis:of 
the. said dicH-orosiiane. : In* marked cOn- : 
^fcrast, mx. . -trimeihylcyclotrisiloxane: 
i(*VPic' - "■• rtrimethylcyclotrisifoxane); 95 

.was founder . in:: tKis product 
we obtained by a somewhat "similar: treats 
Jment "of ; meliyldichloxosilane', more :par--r 
iticularly by.:adding;methyldi(^lnrbaii^ 
3toamixtitrejoijjiethyire& 100 
the fQ.rm oi .cracked ice J: tJie latterrepre- 
fiLentip^ ajo. amount of "water substantially • 
^n excess. of "that- theoretically', required 
for^ooin^lete ^ 

chlorosilane, and' stirring: rthe -ieactioir 105 
mass for a further period after the addi- 
tion of . the af oreBaid lower alkyl - di- 
chlorpsilane^ . 

A .surprising characteristic of the 
cyclopolysiloxanes. of - the invention as 110 
compared with the . cyclic polymers- of 
dimethyl silicone^described in the afor e - . 
mentioned application is that the reac- • 
tivity of the siloxane linkages in poly- 
merization reactions is apparently en- il5 
hanced, as evidenced" by the fact that 
1,0,5,7, tetramethylcyclotetra H iloxane, 
which normally is a liquid i& converted- 
•t9-:"avSQlia; by agitating, it with" 20%^ 
•aqueoui". ;hydrp.chlofio ; * acid - for " tio*ee :r: 120 
itouys. .T^by^ocMdriciaeidr^a . 
cleayesr^ho siloxane linkages ■ withy^uch . : 
eas.fi ^that "R i^h-mGleWar, weight eyclie * , 
pplymejf opnTamin^ thevnnitf sfeucture^ 
It .'*■■ • ■= . . *.."->V"": " 



•i 



and 



acepniposition c6*r-rl25^ 



responding. fiiibstantialljF to tt^foininia: 



632,553 



3 



(CILSifiO)*, yvJxere : ih- re^esenfe -.a .large 
whojo nnmber (possibly 151to 30 or more) 
is formecL "T&e ^e^(^ieacti^%Vof-t^e 
siloxane linkages ui compb^&^f .tkie 
o invention, e.g., the methyl dOTvativesy 
. as compared with.. :the cpjTespondmg 
cyclic polymers of dimethyl silicone-, -ia- 
further shown by- the-facti thai, they poly^. 
merize to semisolid , or . solid- .-bodies on 
10> standing for tk prolonged period, - e.g;, : ^ 
to; 12f "months- or more, at -robin teinpern- 
ture -while -exposed -to uir . -and- light * 
The " enhanced Teaotivity ot : 'the" silbxahe 
linkages jn the new-; "compouiidff- may be. 
due* to diminntion.of . the. steric hindrance 
of the groups- attached to 1 silicon since the; 
hydrogen atom is smaller' than -a •nietbyl 
group. ' " - - : . ■ - : -v- - 
In order that those skilled in the~ r art 
Abetter 'may understand how'the -present 
invention may be carried into effect, the^ 
foDowing examples are .^ven by -the- way 
of illustration . and. not : by . way of lunita- 
* tionr ; - . - . 
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' - Example 17" ''■ . 
Four- moles (460 £.). ^" of methyl- diclilbro- : 
silane, b.p, 4i.3~- C : (76Q Mid':], €1-4%. 
CI, was added, wit^' vigorous stirring -to 
a mixture" of /t liter .of- diethyl ether con- 
taming a small amount of benzene,; and 2 
kilograms of cracked ice over a Tialf-hoxir. 
period/ The temperature- of: the; .hydro- 
lyzing mixture/dropped frpm. 'ft 0 ' -Q. -to- 
minus- 10°' G., but rose . finally- to. plus 
"7* O. 'Alter stirring for -an addrKonat 



half: hour .the aqueous layer; was separ- 
ated and the organic phase washed (three 
times, with ; water- until it was neutral -to 
methyl orange.- At ter .. "removal of the 
fcther and "the- sinaU- amouut 4>f. benzene, 
the.prbdnct-waB-fractionaied by distilla- 
tion first at atmospheric - pressure and 
^hen - under reduced pressure . as - the tenfc- 
peratiireof distillation was mcreased. By 
this distillation, there • was-obtained, by 
weight, ahont -of; .1, 3, ;5, 7,-tetra : 
"me&yleyclotetrasiloxane, b.p. 134.5 
i34.9°- C; -(755 mm.)/ about 1T;%* of 
l,3v5,7,9 - pentamethylcyclopentasilox- 
an6,b.p; l68;G^I«8-:9^ -O._(7o^ -mm.); 
and- About . .4^% of - impure 10.3,5,7,9,11- 
. hexamethylcy clohexasiloxane, b -. p . 92 . 6 
93 - G; (21. mm.) together -with forerun-. 
Xtings;' ' and. intermediate fractions 
..amounting to„ about. -14^%: and ar residue 
of about 28>% : . -No. - effort was made to 
identify the composition of this residue. 
However, it is possible that it comprised 
o. mixture ,.of 1,3,5,7,9,11,13 - hepta- 
-methylcyclQheptasiloxane, 1,3^7^,1*1^ 

13lj 15 - - bcta^ e ^y^y c l^ 
1,3,^7,9,11713,10,17^ * npnamethylcyclo^ 
noriasiloxahe and- hiigher . homblogues, • as 
well aa other compounds.- The impure 
hexamethyl derivative was refraotipn>ted 
: to obtain a. purer material having: a fcoiU 
."ir^-point-of- ^G^T^ C*; mm, f> r ^a T 

suret- - Other dai&Ton- -the characteristics 
.of the. tetramer,. pentanier and lyexanier 
(purified- material) are" given -in -the fol- 
lowing, table - 



40/ 



6i> ; 



70 



75 



n-fy- "4.. Bj, . m.p..^ ■ Mol. Wt. -. ;■ 

—--jr. ^ "(vac ) ^^ -z + -z~ (t &.) Calculated.-: 3?bund* 



t%H (attached 
to Si)^ ^* 
Found " 



Tetrainer.^ '1:387^/0^912 J^?3^^9±3 - ^ y ^ K 244 . 1,64^1^4, 

PentameV l;M2/6.^/^3|T ' ^-108+3 .300^/. . 298,- 297,- 297 /'1.6&7 : . 
H8xamer-^t^#:^0^-^^I^ V 3 ^:-. ^ 60 : : 1 - 67 



80 



-* Gryoscoiic'in: cy^ *" 
: in weight * per -- cent*-: -- tetr-amer^ - . 0t56 j>entamer, . 0 .72. ; 
hexamer^ 0;;78rl .." " ;\ v.- ' * " : *\ 

Theoretical tor . GS fl SiHQ; i;68^/. "A - : -...y ;- /. 



In separating the above^described 
cyclopolysilosanes ; by distillatiqii from 
8& the hydrolysate; the dislallaiion . toolr 
place under nonrOxidiziug or siibstan- 
tially non-oxidizing ^conditions since ^he 
forerunnings . swept "the. distillation 
apparatus free or substantially free* from 



air. In this way oxidation of the hydro- 90 
"/ lyzato and of tiie compounds distilled 

therefrom ^ " during- distillation wa^ ob- 
■/.viated or minimized. 

*. : In a manner similar to that described 
. above with parti oulax reference . to the 95 
:;' preparation; ol l,3;5,7-tetramethylcycIo- 



4& - v 



it 



25 



30 



\3fr 



48 



4* 



5a 



; ^clopeitafliloiuie . v. "and _"; 1,3,5,7^117. 

lower . a]£yf cyclppoiysilo^aiies of sinuTar 
structure *. niay Joe . qft tamed : by hyjlrplye-. 
ing! the cojrespon<3L^|f ; ". Ipw/er . aftyl 1 di- 
ehlorQ .or 'iitro.xap;- silanes,. examples p£- 
which j.a.ye ^v^lier.emhefore J ,aiid 
foliating!: ; i$h4 resulting 1 <^clppolyBilpx- 
jiaiies from the "oily :ltydrplyz.afe ; "Si*" 
~ z JEn a majuxer si^lar ;tp . that* .hereinbe- 
• fore r.desprifeed witfr particular reference 
-ta the preparation of J,3i5,7 r Wtrame%yl T 
cydbtetrasiloxaiieV: *~ .1,3,^ 7,9 pentaf 
methyley^^^ 1,3,5,7,9 j 

il-L^exatnetfiyJcycloiiexas^ox^ne^ " " other 
cyclppplymT^ embraced, /. by ; .the. 

. gehera)£io^ *ep-. 
.^ese^ts^ ldwte£ ail^ >a^ical ^and rep-.' 
~res>ntsY£, fr.pr "ma^y ./be prepare!! aid 
ihweaxter Vpplj^errzea]:. ; !feamples._ of 
snch l ;C0_mp6TLnds.- : a»3^ polymers: thereof 
nre>;: -^V: : : ": ' . . . 1 .1. .-.-"»- - "... . 

1 j 3j5/7-tfi&^ - > 

1 ; 3, 6 - 7-t^traprOpylcycio 

1,3,5,7-tetra^^^^ "f . 

1^3,5- 7:4.etraisoijutylc^^^ 

1 j"8 ^X-tefcra-tfflo. Ahui^lc^Lotetraflilomrie" 
"1, 3>5»,7, £-pehtae^nyloy elopentasiloxane 
;l~,8,&j7v9-peu^^ * 

l}o75j?/9-psnfo^ 

. pxane> : -. - L ; - ' *" : - ' ' ... 

1,3 J>;F/9^pj^ -V 

oxane.; . . . : - . r * 

I } 3,6^7v9-pentais^^ ' " 

: oxane :"„" : •" *'".*•/•-"... 

-l^o; 7,*j-penta^ - :■• 

;oxtviie :< : ;i}.' : ~ . _>* 
1 j 5»*7i 9 : i ll-hexa ethylcy clohexasiibxaiie 
■ !i3>1>i?;0^^ " * - 

^.-«jxsoXLe/r * - ~- - - : — r — •> 
1 3 : ,5 r 7,T>.,i i-hexaisopTopylnyclohexa^sil- 

. i>3 i^^i 9 ,ll r hexa-7t butylcy clohexasii- . " 

dxaner? : . ! '*■ : \V\.Y:' 7. ; r ■". 

1,3,5^9,^ . . 

. oxane". V ,. ;\-2".Z. : •: .;. V. 

-siloxane -and^polyaner^ thereof- . • 



. Bavpi^ iiqw ^rfic^aj^^desg^eg.'g^d 
asce^aJbaed the" na^&e : of-'purr gai.diis^t^^ 
idon and;in. : ^hat maimer ' fee r^amg--isj 
be" perfbrmed 3 ; ;we: declar^ vth'a|^iyna^ we. 
claim is Srr: "~ :-: ~z -7r..s ^rlfreT^I 

~ l. .^e. method "of- j^eparSgl-fiycfepoIyi 
Alloxan es: wEich eODBiats in; slowly -ailing 
a lower all^y£ . ichlorp i.aiJTaite:/ 5rift- 
yigprois siarriii^ to a.cola'imlsii^ 
inert wganic" diluent ;ani ^water^L's^Lr-. 
ring- tlie reaction : mass --.ior \ '& 3^tirtfi^ 
period after the additxpn-.-^if" -^lj;/0f £.%e 

- lower, alfcyl dichlorjQ ^ilane/ ^ni; : aepara!t3 
ing cyclopolysildxanes -.cdrreB^ndingr^ 
the formulas- XilSiE£G) 4 , . ^RSiHO)*: : 
(RSiHO)c. iroih the ox^ajiia phasej^cpnr 
taining the same.;':..- .r: = :>. If: v.v"? 

-."2* The. method of preparing cycjppoly? 

. sitoxanes whicji" dOnsisti; in£ slowly _a;dding 
metEyl3i<Ai6rosila^ mtfc yi^rousi- sfiir-' 
iring to a mixtnre 'of ie&yl* : e%er.- ani 

. ice J; stirring 3 tJiEe- ^rieactiQir^^slgt^r:;^. 
ftirthe^ period a^ter ;;th'e^dditi0n-bl^3^ 
of the methyldidhl'Ordsilane, washing jjhj£ 
organic phase '.comprising- diethyl ether 
with water nn1ai:-vitv. : i§3 substantially 
neutral;." and* separatih-g; v by-Histiiiatijon 
from, the washed oi^g^\i:ypli^ef \Qj^6A' 
polysiloxanes. represente'd r" * : -]&S> : - the 
formulas (OH^iOH)*; iDS.SiiiajWan* 

(CHaSiHO)..; * - v -v^- 

.- 3. A;: : : cyclopoiysil6xane;. : preparea^v 
the" method claimed. in' Qlaini -I : 6rJ3.cPx- 
responding 1 to' the -general: .f ormula: 
,. (RSiH0)n, :where R : represe^ts^ 7^ .lower 
stlfcyl radical ^nd : 7t represents .4,^ "ojj; 61 

' 4. A: • cyclop olysiloxaiie -prepared- by 
the method claimed : in cl aim . 1/. 2 or 3 
:cprrespondii?ig to " the :gener al ^ £o>inula 
(OHaSiDEQJaj where -xbpresSats- 4, 5 or 

' &. AL method '^p&^dS^-j^'Ok^ 1 or 2, 
ijl which the corresponding -brbmosilane 
is used inste^rof t|ie -chlprosilane;: 

-Grown Hous'e/ Aldwych/ i/ondony 
" : •"" : Agent for the AppHcA^ts/: 1 ■ " . - ■ 
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